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quantity of a crystal thickness t to be 0 to 1 A. with respect 
to an IDT wavelength L 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this treuislation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic element characterized by having the EDT electrode which an Eulenan 
angle is cut into (0, 15 - 23 degrees, and 0), is formed on the Xtal substrate adjusted so that thickness 
might be settled in the predetermined frequency temperature anomaly range, and said Xtal substrate, and 
excites the Leakey wave to said Xtal substrate. 

[Claim 2] The surface acoustic element characterized by having the IDT electrode with which the Xtal 
substrate with which the Eulerian angle (Otheta, 0) was cut into 15 minutes [ 20 ] < theta< 16 degrees, 
and the EDT wavelength lambda and thickness H of an IDT electrode are set up so that it may be set to 
O.OK H/lambda <0.0055theta-0.0725, and they excite the Leakey wave to said Xtal substrate. 
[Claim 3] The surface acoustic element characterized by having the IDT electrode with which the Xtal 
substrate with which the Eulerian angle (Otheta, 0) was cut into 16 <= theta<=23 degrees, and the BDT 
wavelength lambda and thickness H of an IDT electrode are set up so that it may be set to O.OK 
H/lambda and 0.0055theta-0.08275< H/lambda <0.0055theta-0.0725, and they excite the Leakey wave 
to said Xtal substrate. 

[Claim 4] The surface acoustic element of claim 1-3 characterized by performing adjustment of the 
thickness of said Xtal substrate to the forming face of said IDT electrode, and all the fields that counter 
so that it may fit in the predetermined frequency temperature anomaly range given in any 1 term. 
[Claim 5] The surface acoustic element of claim 1-3 characterized by performing adjustment of the 
thickness of said Xtal substrate to said crevice so that the crevice which has a larger area than the 
formation field of said IDT electrode may be established in the forming face of said IDT electrode, and 
the field which counters and it may fit in the predetermined frequency temperature anomaly range given 
in any 1 term. 

[Claim 6] The surface acoustic element of claim 1-5 to which the amount of adjustments of the thickness 
of said Xtal substrate is characterized by being 0- 1 lambda given in any 1 term. 
[Claim 7] It is a communication device using the surface acoustic element characterized by having the 
IDT electrode which a surface acoustic element is used as a frequency-selective filter, an Eulerian angle 
is cut into (0, 15 - 23 degrees, and 0), and said surface acoustic element is formed on the Xtal substrate 
adjusted so that thickness might be settled in the predetermined frequency temperature anomaly range, 
and said Xtal substrate, and excites the Leakey wave to said Xtal substrate. 

[Claim 8] The manufacturing installation of the surface acoustic element characterized by having the 
chamber which introduces etching gas, the electrode prepared in said chamber, RF power source which 
impresses RF power to said electrode, and RF power control section which controls the power and 
impression time amount of said RF power source so that the amount of etching of the Xtal substrate is 
settled in the predetermined frequency temperature anomaly range. 

[Claim 9] An Eulerian angle meets in the propagation direction of the surface wave on the main front 
face of the Xtal single crystal of (0, 15-23 degrees, and 0). In the manufacture approach of a surface 
acoustic element that at least one pair of IDT electrodes for exciting leek 1 wave spread while emitting 
energy to the interior of a substrate have been arranged The manufacture approach of the surface 
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acoustic element characterized by adjusting the Xtal thickness of the forming face of said IDT electrode, 
and the field which counters so that it may fit in the predetermined frequency temperature characteristic. 

[Claim 10] The manufacture approach of the surface acoustic element characterized by having the 
process which fixes in a package the Xtal substrate with which the Eulerian angle was cut into (0, 15 - 
23 degrees, and 0), and the IDT electrode was formed so that said IDT electrode may turn to the bottom, 
and the process which etches the rear face of said Xtal substrate so that it may fit in the predetermined 
frequency temperature characteristic. 

[Claim 1 1] The manufacture approach of the surface acoustic element characterized by having the 
process which fixes the Xtal substrate with which the Eulerian angle was cut into (0, 15-23 degrees, 
and 0), and the IDT electrode was formed in the package with which opening was formed so that said 
IDT electrode may turn to a top, and the process which etches the rear face of said Xtal substrate 
through said opening so that it may fit in the predetermined fi-equency temperature characteristic. 
[Claim 12] The manufacture approach of the surface acoustic element of claim 9-11 given in any 1 term 
that the amount of adjustments of the thickness of said Xtal substrate is characterized by being 0- 
1 lambda. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention is appUed to the oscillator in the frequency-selective filter in a 
cellular phone etc., a keyless entry system, etc., a resonator, etc. about the communication device and 
the manufacturing installation of a surface acoustic element which used the surface acoustic element and 
the surface acoustic element, and the manufacture approach of a surface acoustic element, and is 
suitable. 
[0002] 

[Description of the Prior Art] In the surface acoustic element using the conventional Xtal Leakey wave, 
in order to stabilize the frequency temperature characteristic, a cut angle is set up in 5 minutes 16 
degrees, and the approach of setting to H/lambda =0.005**0.001 is indicated by JP,2-194714,A. Here, H 
is the thickness of an IDT elecfrode and lambda is IDT wavelength. 

[0003] Moreover, in JP,8-17303,B, by embedding an IDT electrode to the interior of Xtal, thickness H 
of an IDT electrode is enlarged and the approach of lowering resistance is indicated. Moreover, the 
approach of raising a reflection factor by setting H/lambda as the range of 0.01-0.03, and miniaturizing a 
surface acoustic element by it by setting a cut angle as the range of 16 degrees - 18.50 degrees, while 
improving the frequency temperature characteristic is indicated by JP,7-183760,A. And although it is 
unstated, this has the effectiveness which controls the increment in resistance. 
[0004] 

[Problem(s) to be Solved by the Invention] however ~ since the Xtal Leakey wave velocity is about 
3950 m/s when this surface acoustic element is applied not only to hundreds of MHz band but to the 
frequency of 1 GHz or more by the approach of JP,2- 19471 4,A ~ frequency F[Hz] = rate [m/s] / 
wavelength lambda [m] 

By the formula to say, for example, the frequency F is set to lambda= 3.95 micrometers by IGHz. For 
this reason, H/lambda = since it was 0.05, there was a problem that became very thin with H= 197.5A, 

and resistance became large. 

[0005] Moreover, if thickness H of an IDT elecfrode was too thin, since bonding would not adhere, the 
process which thickens only the elecfrode of a bonding location was needed, and there was a problem 
that a production process became complicated. Moreover, in JP,8-17303,B, after preparing the groove 
for embedding an IDT electrode, in order to form an IDT elecfrode, the process of IDT elecfrode 
formation became complicated and there was a problem that the yield fell. 

[0006] Moreover, by the approach of JP,7-183760,A, it is predicted that the Leakey wave used by the 
latest-starting-time cut combines with thickness mode as indicated by Jpn.J.Appl.Phys.Vol.35(1996) 
pp.3002-3005. By this association, since the temperature characteristic changes, it is expected that the 
good temperature characteristic is not acquired. 

[0007] Then, the 1st purpose of this invention is offering the communication device using the surface 
acoustic element which can improve easily the frequency temperature characteristic of the surface 
acoustic element which used the Xtal Leakey wave, and a surface acoustic element, the manufacturing 
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installation of a surface acoustic element, and the manufacture approach of a surface acoustic element. 
Moreover, the 2nd purpose of this invention is a propagation loss and resistance being able to make it 
small, and offering the communication device using the surface acoustic element and surface acoustic 
element using the Xtal Leakey wave also with the good temperature characteristic, the manufacturing 
installation of a surface acoustic element, and the manufacture approach of a surface acoustic element. 
[0008] Moreover, the 3rd purpose of this invention is being able to make resistance small and offering 
the communication device using the surface acoustic element and surface acoustic element using the 
Xtal Leakey wave also with the good temperature characteristic, the manufacturing installation of a 
surface acoustic element, and the manufacture approach of a surface acoustic element while enlarging an 
electromechanical coupling coefficient. 
[0009] 

[Means for Solving the Problem] In order to solve the technical problem mentioned above, according to 
the surface acoustic element according to claim 1, an Eulerian angle is cut into (0, 15 - 23 degrees, and 
0), and it is formed on the Xtal substrate adjusted so that thickness might be settled in the predetermined 
frequency temperature anomaly range, and said Xtal substrate, and is characterized by having the IDT 
electrode which excites the Leakey wave to said Xtal substrate. 

[0010] The clock frequency of a surface acoustic element can be raised easily, without being able to 
adjust the frequency temperature anomaly range only by adjusting the thickness of the Xtal substrate by 
this, and complicating a production process. Moreover, according to the surface acoustic element 
according to claim 2, the Xtal substrate with which the Eulerian angle (Otheta, 0) was cut into 15 
minutes [ 20 ] < theta< 16 degrees, and the IDT wavelength lambda and thickness H of an IDT electrode 
are set up so that it may be set to O.OK H/lambda <0.0055theta-0.0725, and they are characterized by 
having the IDT electrode which excites the Leakey wave to said Xtal substrate. 
[001 1] The clock frequency of a surface acoustic element can be raised easily, without being able to 
make a propagation loss and resistance small and complicating a production process, this securing the 
good temperature characteristic. Moreover, according to the surface acoustic element according to claim 
3, the Xtal substrate with which the Eulerian angle (Otheta, 0) was cut into 16 <= theta<=23 degrees, and 
the IDT wavelength lambda and thickness H of an IDT electrode are set up so that it may be set to O.OK 
H/lambda and 0.0055theta-0.08275< H/lambda <0.0055theta-0.0725, and they are characterized by 
having the IDT electrode which excites the Leakey wave to said Xtal substrate. 
[0012] The clock frequency of a surface acoustic element can be raised easily, without being able to 
make resistance small and complicating a production process, this securing the good temperature 
characteristic, while enlarging an electromechanical coupling coefficient. Moreover, according to the 
surface acoustic element according to claim 4, it is characterized by performing adjustment of the 
thickness of said Xtal substrate to the forming face of said IDT electrode, and all the fields that counter 
so that it may fit in the predetermined frequency temperature anomaly range. 
[0013] Thereby, after forming an IDT electrode in the Xtal substrate, the frequency temperature 
anomaly range of a surface acoustic element can be adjusted only by etching the rear face of the Xtal 
substrate. Moreover, according to the surface acoustic element according to claim 5, it is characterized 
by performing adjustment of the thickness of said Xtal substrate to said crevice so that the crevice which 
has a larger area than the formation field of said IDT electrode may be established in the forming face of 
said IDT electrode, and the field which counters and it may fit in the predetermmed frequency 
temperature anomaly range. 

[0014] Thereby, in order to adjust the frequency temperature anomaly range of a surface acoustic 
element, when etching the rear face of the Xtal substrate, as an IDT electrode turns to a top, it can mount 
a surface acoustic element, and becomes possible [ connecting a surface acoustic element using wire 
bonding ]. Moreover, according to the surface acoustic element according to claim 6, the amount of 
adjustments of the thickness of said Xtal substrate is characterized by being 0-1 lambda. 
[0015] This becomes possible to set the frequency temperature anomaly range of a surface acoustic 
element as the minimal value only by carrying out specified quantity etching of the rear face of the Xtal 
substrate. Moreover, according to the communication device using a surface acoustic element according 
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to claim 7, a surface acoustic element is used as a frequency-selective filter, an Eulerian angle is cut into 
(0, 15 - 23 degrees, and 0), said surface acoustic element is formed on the Xtal substrate adjusted so that 
thickness might be settled in the predetermined frequency temperature anomaly range, and said Xtal 
substrate, and it is characterized by having the IDT electrode which excites the Leakey wave to said Xtal 
substrate. 

[0016] While becoming possible to raise frequency selective characteristics easily by this, it becomes 
possible to correspond to RF-ization of a communication device easily. Moreover, according to the 
manufacturing installation of a surface acoustic element according to claim 8, it is characterized by 
having the chamber which introduces etching gas, the electrode prepared in said chamber, RF power 
source which impresses RF power to said electrode, and RF power control section which controls the 
power and impression time amount of said RF power source so that the amount of etching of the Xtal 
substrate is settled in the predetermined frequency temperature anomaly range. 
[0017] This becomes possible [ automating the adjustment process of the thickness of the Xtal 
substrate ], and it becomes possible to raise a throughput, moreover ~ according to the manufacture 
approach of a surface acoustic element according to claim 9 - an Eulerian angle (0-15 to 23 degrees) 
In the manufacture approach of a surface acoustic element that at least one pair of IDT electrodes for 
exciting leek 1 wave spread while emitting energy to the interior of a substrate along the propagation 
direction of the surface wave on the main front face of the Xtal single crystal of 0) have been arranged It 
is characterized by adjusting the Xtal thickness of the formmg face of said IDT electrode, and the field 
which counters so that it may fit in the predetermined frequency temperature characteristic. 
[0018] The clock frequency of a surface acoustic element can be raised easily, without being able to 
adjust the frequency temperature anomaly range only by adjusting the thickness of the Xtal substrate by 
this, and complicating a production process. Moreover, according to the manufacture approach of a 
surface acoustic element according to claim 10, an Eulerian angle is cut into (0, 15 - 23 degrees, and 0), 
and it is characterized by having the process which fixes in a package the Xtal substrate with which the 
IDT electrode was formed so that said IDT electrode may tum to the bottom, and the process which 
etches the rear face of said Xtal substrate so that it may fit in the predetermined frequency temperature 
characteristic. 

[0019] After this mounts the Xtal substrate with which the IDT electrode was formed on a package, the 
frequency temperature anomaly range of a surface acoustic element can be adjusted only by etching the 
rear face of the Xtal substrate. Moreover, it is characterized by having the process which fixes the Xtal 
substrate with which the Eulerian angle was cut into (0, 15 - 23 degrees, and 0) according to the 
manufacture approach of a surface acoustic element according to claim 1 1, and the IDT electrode was 
formed in the package with which opening was formed so that said IDT electrode may tum to a top, and 
the process which etches the rear face of said Xtal substrate through said opening so that it may fit in the 
predetermined frequency temperature characteristic. 

[0020] The frequency temperature anomaly range of a surface acoustic element can be adjusted being 
able to adjust the thickness of the rear face of the Xtal substrate and making wire bonding possible, 
when it mounts a surface acoustic element on a package by this, as the IDT electrode turned to the top. 
Moreover, according to the manufacture approach of a surface acoustic element according to claim 12, 
the amount of adjustments of the thickness of said Xtal substrate is characterized by being 0-llambda. 
[0021] This becomes possible to set the frequency temperature anomaly range of a surface acoustic 
element as the minimal value only by carrying out specified quantity etching of the rear face of the Xtal 
substrate. 
[0022] 

[Embodiment of the Invention] It explains referring to a drawing about the surface acoustic element 
conceming the operation gestalt of this invention hereafter. The perspective view showing the outline 
configuration of the surface acoustic element which drawing 1 (a) requires for the 1st operation gestalt 
of this invention, and drawing 1 (b) are the sectional views cut by the A-A line of drawing 1 (a). In 
drawing 1 , the IDT electrode 2 and the reflector electrodes 3a and 3b are formed on the main front face 
of the Xtal substrate 1 . In addition, for t, the thickness of the Xtal substrate 1 and P are [ IDT wavelength 
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and H of the pitch of the IDT electrode 2 and lambda ] the thickness of the IDT electrode 2. Here, the 
IDT wavelength lambda becomes twice the pitch P of the IDT electrode 2. 

[0023] Moreover, this Xtal substrate 1 is cut down so that an Eulerian angle may be set to (0, theta= 15 - 
23 degrees, and 0). Here, thickness t of the Xtal substrate 1 is adjusted so that the frequency temperature 
characteristic may be stabiHzed. Namely, although the 2nd page of an IDT electrode and the field BS 
which counters are used as an adhesion side to a package, it etches this opposed face BS if needed, and it 
usually adjusts the thickness of the Xtal substrate 1 for every chip so that the frequency temperature 
characteristic may be stabilized. 

[0024] Adjustment of the thickness of the Xtal substrate 1 may be performed to the Xtal substrate 1 
whole, and it may be made to carry out here by limiting to the range of the IDT electrode 2 which 
influences the temperature characteristic of the Leakey wave. Drawing 2 is drawing showing the relation 
of the Xtal thickness t of a surface acoustic element and the frequency temperature anomaly concerning 
the 1st operation gestalt of this invention. In addition, in this example, it was referred to as an Eulerian 
angle (0, 16, 0) and H/lambda =0.0101, and the case of the Xtal thickness of t= 397 micrometers, 398 
micrometers, 399 micrometers, and 400 micrometers was shown. Moreover, it is the value which 
standardized the frequency F in each temperature as frequency [temperature anomaly ppm] =(F- 
F0)/F0xl06 the frequency temperature anomaly in drawing 2 , and on the basis of the frequency FO in 
25 degrees C. 

[0025] In drawing 2 , in the case of the Xtal thickness of t= 397 micrometers, 398 micrometers, and 399 
micrometers, it is the range whose temperature is -40-90 degrees C, and to having fitted in the range 
whose frequency temperature anomaly is 80-40ppm, in the case of t= 400-micrometer Xtal thickness, it 
is the range whose temperature is -40-90 degrees C, and it is changed in the range whose frequency 
temperature anomaly is -250-20ppm. For this reason, in this example, the frequency temperature 
characteristic can be stabilized by setting Xtal thickness t to 397-399 micrometers. 
[0026] Drawing 3 and 4 are drawings showing the relation of the Xtal thickness t of a surface acoustic 
element and the frequency temperature anomaly range concerning 1 operation gestalt of this invention. 
In addition, the frequency temperature anomaly range is the difference of the maximum of the frequency 
temperature anomaly of drawing 2 , and the minimum value. Moreover, when the IDT wavelength 
lambda of drawing 3 of drawing 1 is 10 micrometers, drawing 4 shows the case where the IDT 
wavelength lambda of drawing 1 is 12.5 micrometers. Moreover, Eulerian angles are (0, 16, 0) also 
about which IDT wavelength lambda. 

[0027] In drawing 3 and 4, if Xtal thickness t is changed, the minimal value of the frequency 
temperature anomaly range will appear in every IDT wavelength lambda. Namely, in drawing 3 , the 
minimal value appeared for every IDT wavelength of lambda= 10 micrometers, and the minimal value 
has appeared for every IDT wavelength of lambda= 12.5 micrometers in drawing 4 . Thereby, the 
frequency temperature anomaly range can be adjusted to the minimal value by setting up the amount of 
adjustments of Xtal thickness t between 0-llambda to the IDT wavelength lambda. In addition, since the 
minimal value of the frequency temperature anomaly range appears in every IDT wavelength lambda, it 
may perform the amount of adjustments of Xtal thickness t between x (n-1) lambda-nxlambda (n: 
integer). 

[0028] Here, the minimal value of the frequency temperature characteristic variation obtained by 
adjusting Xtal thickness t can be made into the minimum value in the range which fills the relation 
between H/lambda and theta. That is, without making thickness H of the IDT electrode 2 extremely thin 
by adjusting Xtal thickness t, H/lambda, and theta, actuation of IGHz or more is enabled and the highly 
precise frequency temperature characteristic can be acquired easily. 

[0029] Thus, according to the 1st operation gestalt mentioned above, controlling increase of the 
resistance of the IDT electrode 2, it can manufacture by the high yield and the surface acoustic wave 
using the good Xtal Leakey wave of the frequency temperature characteristic can be offered. Drawing 5 
(a) is the sectional view showing the outline configuration of the surface acoustic element conceming 
the 2nd operation gestalt of this invention. In drawing 5 (a), the Xtal substrate 1 1 with which the IDT 
electrode 12 was formed has pasted the ceramic package 14 through adhesives 13, as the IDT electrode 
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12 turned to the bottom. Here, by performing plasma etching using fluorine gas, the forming face of the 
IDT electrode 12 and the field BS which counters are etched, and thickness t of the Xtal substrate 1 1 is 
adjusted so that it may become the predetermined frequency temperature characteristic. 
[0030] For example, when setting the predetermined frequency temperature characteristic as the 
frequency temperature characteristic with a Xtal thickness [ of drawing 2 ] of t= 397 micrometers, the 
surface acoustic element of Xtal thickness t which applied the thickness in consideration of the variation 
in the Xtal thickness to 397 micrometers is created. And after pasting up this surface acoustic element on 
a ceramic package 14, plasma etching is performed so that Xtal thickness t may be set to 397 
micrometers. 

[0031] In addition, before pasting up the Xtal substrate 1 1 on a ceramic package 14, Xtal thickness t of 
the Xtal substrate 1 1 may be adjusted. Moreover, in this case, the forming face of the IDT electrode 12 
can be turned up, and a ceramic package 14 can be pasted so that adhesives 13 may not exist in the 
lower part of the IDT electrode 12. Drawing 5 (b) is the sectional view showing the outline 
configuration of the surface acoustic element concerning the 3rd operation gestalt of this invention. In 
drawing 5 (b), the Xtal substrate 21 with which the IDT electrode 22 was formed has pasted the ceramic 
package 26 through adhesives 24, as the IDT electrode 22 turned to the top. Moreover, the electrode of 
the Xtal substrate 21 is connected with the electrode of a ceramic package 26 through the bonding wire 
25. 

[0032] Here, a crevice 23 is formed in the rear face of the Xtal substrate 21, and thickness t of the Xtal 
substrate 21 in this crevice 23 is set to it so that it may become the predetermined frequency temperature 
characteristic, so that it may correspond to the formation range of the IDT electrode 22 at least. 
Moreover, opening 27 is formed in the ceramic package 26 so that it may correspond to the crevice 23 of 
the Xtal substrate 21 . And thickness t of the Xtal substrate 21 of a crevice 23 can be adjusted after 
pasting up the Xtal substrate 21 on a ceramic package 26 by etching the rear face of the Xtal substrate 21 
through this opening 27. 

[0033] While this becomes possible to perform wirebonding to the forming face of the IDT electrode 22, 

adhesives 24 and the field which counters the IDT electrode 22 are certainly separable. In addition, 
before pasting up the Xtal substrate 21 on a ceramic package 26 with a binder 24, thickness t may be 
adjusted from the rear face of the Xtal substrate 21. In this case, there may not be the opening 27 of a 
ceramic package 26. 

[0034] Drawing 6 is the perspective view and sectional view showing the production process of the 
surface acoustic element concerning the 2nd operation gestalt of this invention. In drawing 6 (a), if a 
surface acoustic element is formed to the Xtal wafer W, a surface acoustic element will be started as a 
chip CP by performing the dicing of this Xtal wafer W. 

[0035] Consequently, the chip CP with which the surface acoustic element of drawing 6 (b) was formed 
is obtained. Here, the IDT electrode 32, the reflector electrodes 33a and 33b, and the drawer electrodes 
34a and 34b are formed on the Xtal substrate 31 at the surface acoustic element of drawing 6 (b). Next, 
as are shown in drawing 6 (c), and the IDT electrode 32 turns to the bottom, the Xtal substrate 31 of 
drawing 6 (b) is pasted up on a ceramic package 36 through adhesives 34. 

[0036] Next, by performing plasma etching ZM at the rear face of the Xtal substrate 31, as shown in 
drawing 6 (d), after the Xtal substrate 31 of drawing 6 (b) has pasted the ceramic package 36, thickness t 
of the Xtal substrate 31 is adjusted so that the predetermined frequency temperature characteristic may 
be acquired. Next, as shown in drawing 6 (e), the surface acoustic element of drawing 6 (b) is closed by 
covering a ceramic package 36 with a lid 37. 

[0037] Drawing 7 is the block diagram showing the outline configuration of the manufacturing 
installation of the surface acoustic element concerning the 4th operation gestalt of this invention. In 
drawing 7 , while up electrode 42a and lower electrode 42b are prepared in a chamber 41 and up 
electrode 42a is grounded, lower electrode 42b is connected to the RF power source 44 through the 
capacitor 43. Here, the sample 48 used as a processing object is laid in lower electrode 42b. 
[0038] While the thickness measurement section 45 which measures thickness t of the Xtal substrate of a 
sample 48 is formed in a chamber 41, the RF power source 44 is connected to RF power control section 
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46. Here, the thickness adjustment data 47 are formed in RF power control section 46, and with 
reference to the thickness adjustment data 47, in it, RF power control section 46 controls the power and 
impression time amount of the RF power source 44 so that the measurement result of the thickness 
measurement section 45 serves as predetermined thickness. Here, drawing 3 and data as shown in 4 can 
be registered as thickness adjustment data 47. 

[0039] When adjusting the frequency temperature characteristic of a surface acoustic element, it lays on 
lower electrode 42b by making the surface acoustic element of the process of drawing 6 (c) into a 
sample 48, and the pitch P of the IDT electrode of a surface acoustic element is inputted into RF power 
control section 46. And performing the exhaust air in a chamber 41, etching gas, such as fluorine gas, is 
introduced in a chamber 4 1 , and RF power of lower electrode 42b is impressed. 
[0040] RF power control section 46 compares the measurement result from the thickness measurement 
section 45 with the thickness adjustment data 47, if RF power is impressed to lower electrode 42b. And 
if thickness t of the Xtal substrate reaches the minimal value of the frequency temperature anomaly 
range, it will stop impression of RF power. Drawing 8 is drawing showing the relation of the Eulerian 
angle of a surface acoustic element and propagation loss conceming the 5th operation gestalt of this 
invention. In addition, this 5th operation gestalt can be made to enlarge thickness of an IDT electrode, 
without spoiling the temperature characteristic by setting H/lambda as the range of O.OK H/lambda 
<0.0055theta-0.0725, while reducing the Xtal Leakey wave propagation loss by setting Eulerian angle 
theta as the range of 1 5 minutes [ 20 ] < theta< 16 degrees. 

[0041] In drawing 8 , if Eulerian angle theta from which a propagation loss becomes the minimum 
becomes 40 minutes about 15 degrees and takes 20 minutes into consideration as variation in Eulerian 
angle theta at the time of a cut, the range of 15 minutes [ 20 ] < theta< 16 degrees will turn into range 
where a propagation loss is the smallest. Thus, the good temperature characteristic can be acquired, 
without bulk radiation becoming small and adjusting the Xtal thickness, when a propagation loss is 
small. 

[0042] On the other hand, in order to acquire the good temperature characteristic since bulk radiation 
becomes large if a propagation loss becomes large, it may be made to adjust Xtal thickness. Drawing 9 
is drawing showing an example of the relation of the temperature of a surface acoustic element and the 
frequency temperature anomaly conceming the 5th operation gestalt of this invention. Here, it was 
referred to as H/lambda =0.01 1 . In drawing 9 , the frequency temperature anomaly is settled in the range 
of -10-60ppm in the range of -40-90 degree C also in any for 42 minutes 30 mmutes and theta= 15 
degrees theta= 15 degrees. 

[0043] On the other hand, the frequency temperature anomaly range of ST cut is about 140 ppm at -40- 
90 degree C, and the result of drawing 9 shows the good temperature characteristic from ST cut. As a 
resuh of inquiring ftirthermore, when it was the range of O.OK H/lambda <0.0055theta-0.0725 at 15 
minutes [ 20 ] < theta< 16 degrees, excelling the frequency temperature characteristic of ST cut was 
checked. 

[0044] Moreover, since a propagation loss is not zero even if it is 15 minutes [ 20 ] < theta< 16 degrees, 
although association with thickness mode is slight, it exists. Therefore, even if it is this case, the 
frequency temperature anomaly range is ftirther improvable by adjusting the Xtal thickness. Thus, 
according to the 5th operation gestah mentioned above, it can respond to a RF, and a propagation loss is 
small, H/lambda is large, and the surface acoustic wave with which the frequency temperature 
characteristic used the good Xtal Leakey wave can be offered. 

[0045] Drawing 10 is drawing showing the relation of the Eulerian angle of a surface acoustic element 
and propagation loss conceming the 6th operation gestalt of this invention. In addition, this 6th 
operation gestalt can be made to enlarge thickness of an IDT electrode, without spoiling the temperature 
characteristic by setting H/lambda as the range of 0.0055theta-0.08275< H/lambda <0.0055theta-0.0725 
and O.OK H/lambda, while increasing an electromechanical coupling coefficient by setting Eulerian 
angle theta as the range of 16 <= theta<=23 degrees. 

[0046] In drawing 10 , when it considers as an Eulerian angle (Otheta, 0), above 16 degrees, theta 
increases a propagation loss in monotone and increases an electromechanical coupling coefficient to 
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theta= 23 degrees. On the other hand, at theta> 23 degrees, an electromechanical coupHng coefficient 
decreases and a propagation loss increases further. For this reason, at theta> 23 de^ees, there are few 
advantages as a surface acoustic element, and in order to enlarge an electromechanical coupling 
coefficient, permitting the increment in a propagation loss, it is desirable that it is theta<=23 degrees. 
[0047] Here, if an electromechanical coupling coefficient is large, when frequency adjustable width of 
face can enlarge and it uses as a filter, bandwidth can be enlarged in the oscillator circuit using a surface 
acoustic element. On the other hand, if H/lambda is small, in order for the reflection coefficient in an 
electrode to become small and to secure sufficient amount of reflection, many electrode numbers are 
needed. At theta>=16 degrees, since a propagation loss increases, it becomes important to make a 
propagation path as small as possible. 

[0048] For that purpose, the reflection coefficient in an electrode is enlarged, and it is necessary to 
secure sufficient amount of reflection by the small electrode number, and it necessary to enlarge 
H/lambda. That is, at 16 <= theta<=23 degrees, there is an advantage that an electromechanical coupling 
coefficient can be enlarged, a propagation path is made small by enlarging H/lambda, and effect of an 
increment of a propagation loss can be made small. 

[0049] However, the increment in a propagation loss also means that bulk radiation becomes large in 
connection with the Leakey wave propagation. If bulk radiation becomes large, in order to predict that it 
becomes impossible to disregard association with thickness mode and to acquire the good temperature 
characteristic, it is desirable to adjust Xtal thickness. Drawing 11 is drawing showing an example of the 
relation of the temperature of a surface acoustic element and the frequency temperature anomaly 
concerning the 6th operation gestalt of this invention, in drawing 1 1 , if the Xtal thickness is adjusted so 
that the good temperature characteristic may be acquired, also in H/lambda =0.030 and any of theta= 20 
degrees, the frequency temperature anomaly range can be set to 140 ppm or less for 48 minutes 36 
minutes and H/lambda =0.025 and theta= 18 degrees H/lambda =0.015 and theta= 17 degrees, and the 
good temperature characteristic can obtain from ST cut. 

[0050] As a result of inquiring furthermore, as in 16 <= theta<=23 degrees showed to drawing 12 , when 
H/lambda was the range of 0.0055theta-0.08275< H/lambda <0.0055theta-0.0725 and O.OK H/lambda, 
excelling the frequency temperature characteristic of ST cut was checked. Thus, while becoming 
possible to enlarge an electromechanical coupling coefficient according to the 6th operation gestalt 
mentioned above, by enlarging H/lambda, enlarging a reflection coefficient and making a propagation 
path small, effect of an increment of a propagation loss can be made small, bandwidth is large and the 
surface acoustic wave using the Xtal Leakey wave which has the good frequency temperature 
characteristic can be offered. 
[0051] 

[Effect of the Invention] The clock frequency of a surface acoustic element can be raised easily, without 
according to this invention, being able to adjust the frequency temperature anomaly range only by 
adjusting the thickness of the Xtal substrate, and complicating a production process, as explained above. 
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* NOTICES * 

Japeui Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[0022] 

[Embodiments of Invention] 

Below, elastic surface wave elements of embodiments of the present invention are explained hereafter 
with reference to the drawings. Figure 1 (a) is an oblique view showing a summary construction of an 
elastic surface wave element of the first embodiment of the present invention, and Fig. 1 (b) is a cross- 
sectional view along the A-A line in Fig. 1 (a). In Fig. 1 , formed on the main surface of a quartz substrate 
1 are an IDT electrode 2 and reflector electrodes 3a and 3b, wherein t indicates the thickness of the quartz 
substrate 1, P the pitch of the IDT electrode 2, X the IDT wavelength, and H the thickness of the IDT 
electrode 2. Here, the IDT wavelength X becomes twice the pitch P of the IDT electrode 2. 

[0023] 

Also, the quartz substrate 1 is cut out so that the Euler angle becomes (0, 9 = 15-25 degrees, 0). Here, the 
thickness t of the quartz substrate 1 is adjusted so that the frequency temperature properties are stabilized; 
namely, while a face BS opposing the IDT electrode 2 face is usually utilized as a glue surface to the 
package, the opposing face BS is etched if necessary to adjust of the quartz substrate 1 thickness chip by 
chip so that the frequency temperature property becomes stable. 

[0024] 

In this instance, adjustment of the quartz substrate 1 thickness may be performed to the whole quartz 
substrate 1 , or may be performed limiting to the IDT electrode 2 range which controls the temperature 
property of leaky wave. Figure 2 is a figure showing the relationship between the quartz thickness t and 
the frequency temperature deviation of the elastic surface wave element of the first embodiment of the 
present invention. In this embodiment the Euler angle (0, 16, 0) and WX = 0,0101 are assxmied, and 
shown are cases of the quartz thickness t = 397 ^m, 398 jam, 399 ^.m, and 400 \xm. Also, the frequency 
temperature deviations in Fig. 2 are normalized values of frequency F at each temperature with the 
frequency FO at 25''C as the standard: 



Frequency temperature deviation [ppm] 



= (F-FO)/FOx 106 
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[0025] 

In Fig. 2, while in the cases of quartz thickness t = 397 pm, 398 jam, and 399 |xm, frequency temperature 
deviation falls within the range of 80—40 ppm for the temperature range of-40-90''C, in the case of 
quartz thickness t = 400 |am, frequency temperature deviation varies in the range of -250 — 20 ppm for the 
temperature range of -40-90*'C. Therefore, in this embodiment, the frequency temperature property can 
be stabilized by setting the quartz thickness t to 397-399 jxm. 

[0026] 

Figures 3 and 4 are figures showing the relationship between the quartz thickness t and the frequency 
temperature deviation range of the elastic surface wave element of an embodiment of the present 
invention. Note that the frequency temperature deviation range is the difference between the maximum 
and minimum of the frequency temperature deviation in Fig. 2. Also, Fig. 3 shows the case where the 
IDT wavelength X in Fig. 1 is 10 ^m, and Fig. 4 the case where the IDT wavelength in Fig. 1 is 12.5 \xm. 
Also, the Euler angle is (0, 16, 0) for any IDT wavelength X. 

[0027] 

In Figs. 3 and 4, if the quartz thickness t is varied, a minimum of frequency temperature deviation range 
appears at every IDT wavelength X. Namely, in Fig. 3 a minimum appears at eveiy IDT wavelength X = 
10 ^un, and in Fig. 4 a minimum appears at every IDT wavelength X = 12.5 ycm. By this, through setting 
the adjusted amoimt of quartz thickness t to the range of 0~1 X for the IDT wavelength X, the frequency 
temperature deviation range can be adjusted to the minimum. Because a minimum of frequency 
temperature deviation range appears at every IDT wavelength X, the adjustment amount of quartz 
thickness t may be in the range of (n - 1 ) x A, - n x X (n: integer). 

[0028] 



Here, minimum values of frequency temperature property variation obtained by adjusting quartz thickness 
t can be made the minimum value in the range satisfying the relationship between H/X and 9. Namely, by 
adjusting quartz thickness t, H/^, and 0, without making the IDT electrode 2 thickness H extremely thin. 
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operation at 1 GHz or higher is made possible, and a frequency temperature property of high precision 
can be easily obtained. 

[0029] 

In this way, by means of the first embodiment referred to above, a high yield in manufacturing is realized 
while suppressing the increase of resistance value of the IDT electrode 2, providing an elastic surface 
wave which utilizes the quartz leaky wave with a good frequency temperature property. Figure 5 (a) is a 
cross-sectional view showing an outline construction of the elastic surface wave element of the second 
embodiment of the present invention. In Fig. 5 (a), a quartz substrate 1 1 where an IDT electrode 12 is 
formed is glued to a ceramic package 14 via an adhesive 13 so that the IDT electrode 12 faces downward. 
In this instance, by performing plasma etching using fluorine gas for example, a face BS opposing the 
formation face of the IDT electrode 12 is etched to adjust thickness t of the quartz substrate 1 1 so that it 
comes to have a specified frequency temperature properties. 

[0030] 

For example, in the case where the specified frequency temperature properties are set to the fiequency 
temperature property of the quartz thickness t = 397 ^un in Fig. 2, created is an elastic surface wave 
element of quartz thickness t which is a thickness considering a scatter of quartz thickness added to 397 
pm. After gluing the elastic surface wave element onto the ceramic package 14, plasma etching is 
performed so that the quartz thickness t becomes 397 Jim. 

[0031] 

Before gluing the quartz substrate 1 1 onto the ceramic package 14, quartz thickness to of the quartz 
substrate 1 1 may be adjusted. Also, in this case, the formation face of the IDT electrode 12 can be 
directed upward, and it can be glued to the ceramic package 14 so that no adhesive 13 exists on the 
bottom face of die IDT electrode 12. Figure 5 (b) is a cross-sectional view showing an outline 
construction of an elastic surface wave element of the third embodiment of the present invention. In Fig. 
5 (b) a quartz substrate 21 where an IDT electrode 22 is formed is glued to a ceramic package 26 via an 
adhesive 24 so that the IDT electrode 22 faces upward. Also, the electrode of the quartz substrate 21 is 
connected to an electrode of a ceramic package 26 via a bonding wire 25. 
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[0032] 

On the back of the quartz substrate 21, a concave section 23 is formed to correspond to the formation 
range of the IDT electrode 22 at least, and thickness t of the quartz substrate 21 in this concave section 23 
is set to provide the specified frequency temperature property. Also, in the ceramic package 26, an 
aperture 27 is installed corresponding to the concave section 23 of the quartz substrate 21. After gluing 
the quartz substrate 21 onto the ceramic package 26, backside of the quartz substrate 21 is etched via the 
aperture 27 to adjust thickness of the quartz substrate 21 in the concave section 23. 

[0033] 

In this manner, it bocomes possible to perform wire bonding on the formation face of the IDT electrode 
22, and also the adhesive 24 and the opposing face of the IDT electrode 22 can be surely separated. 
Before gluing the quartz substrate 21 to the ceramic package 26 with the adhesive 24, the thickness t may 
be adjusted from the backside of the quartz substrate 21. In this case, the aperture 27 of the ceramic 
package 26 does not need to exist. 



[Fig. 2] 
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[Fig. 3] 
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[Fig. 5] 




